ABSTRACT
shoot, even in boron deficient conditions. However, rte2 mutants strongly enhance the boron content than dicotyledonous species, a fact that correlates with an overall 37 difference in pectin content in the cell wall (HU et al. 1996) . Nonetheless, actively 38 growing tissues need a constant supply of exogenous boron given that the majority of 39 endogenous boron in plants is trapped in the cell wall (SHELP et al. 1995; ONEILL et al. 40 1996). Boron has a narrow range of concentrations that span deficiency to toxicity 41 levels, therefore its uptake needs to be carefully regulated.
42
It was originally believed that passive diffusion was the primary mechanism of 
66
In cereals, boron deficiency and toxicity affect yield and constrain productivity Table S3 .
202
For in situ hybridizations, the 5' and 3'UTR of RTE and RTE2 were cloned into 203 the pGEM-T Easy vector system (Promega) using primers RTE-UTR and RTE2-UTR
204
(Supporting information, Table S3 ). slides were mounted using Permount (Fisher) and visualized using a Leica DM5500B 261 microscope.
262
All materials generated in this study are available upon request.
263

RESULTS
264
Identification of RTE-like Genes in Maize
265
To identify additional members of the boron efflux transporter family that may play a role 266 in transport and distribution of the microelement, we discovered five predicted boron 267 transporter genes in the maize genome. Based on sequence similarity to the RTE gene,
268
these genes were named RTE2 (GRMZM2G082203), RTE3 (GRMZM2G051753),
269
RTE4 (GRMZM2G374989), RTE5 (GRMZM2G302559) and RTE6 (GRMZM2G454327).
270
To better understand the evolutionary relationship between the maize boron Figure S3B ). Figure S2 ).
311
Quantitative real-time PCR was performed to assess the tissue-specific Information, Figure S1C ). RTE mRNA was present in all the tissues examined including 315 leaf, root, ear, tassel and pollen, but was most abundant in ears and silks. Interestingly,
316
RTE2 showed highest expression in roots among all tissue tested. On the other hand,
317
RTE3 was expressed at highest levels in leaves while RTE6 transcripts were 318 predominantly present in pollen, in accordance with the phylogenetic grouping. We 
322
RTE2 is a Functional Ortholog of the Arabidopsis Boron Transporter BOR1
323
RTE2 encodes a boron transporter highly similar to RTE. Analysis of the genomic 324 regions of RTE and RTE2 showed strong co-linearity and evidence that the two genes UFMu-02812) and one in the eleventh exon of RTE2 (UFMu-01459; Figure 1A Figure 1D , Supporting Information, Table S4 ). We checked the expression levels Table S1 ).
353
Altogether these results indicated that RTE2 encodes a functional boron transporter and 
364
We also checked RTE2 subcellular localization. RTE2-YFP was predominantly 365 localized to the plasma membrane by confocal imaging of tobacco leaves in transient 366 expression assays ( Figure 2H-J Information, Table S2 ). rte;rte2 double mutant plants showed stunted growth ( Figure 3A , conditions (Supporting information, Figure S5 ). produced fully formed and fertile tassels (Figure 4; n=6) . We then measured boron 397 levels in treated and control plants. In rte;rte2 treated plants the amount of boron was 398 more than 200% higher than in untreated plants ( Figure 4D ). We also quantified the 399 level of boron in both control and treated soils and we determined that in pots watered 400 with boric acid the concentration of boron was more than 4x higher compared to control 401 pots after treatment (Supporting Information, Table S2 ). These results unambiguously
402
show that the defects observed in rte;rte2 mutants are due to lack of adequate boron 403 supply to growing tissues.
404
To understand how shoots of single rte or rte;rte2 double mutants were affected Figure S5 ).
416
Eventually, wild-type and rte2 plants produced fully fertile inflorescences, while rte 417 mutants showed characteristic small, sterile ears with brown tips (CHATTERJEE et al. conditions. This is similar to the synergistic interaction we observed in rte;rte2 mutants.
484
rte;rte2 double mutants remained undeveloped, produced only a few leaves, and died 485 after 4-6 weeks ( Figure 3 ). This phenotype, visible in boron poor soils (Rutgers) but not 486 in nutrient rich soils (Molokai), could be fully rescued by applications of boric acid.
487
The duplication events originating paralogous genes in each species are 488 independent of each other (Supporting information, Figure S1 ). We are grateful to the Maize Genetics Cooperation Stock Center for Uniform-Mu seeds; 
